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Importance of Materials Technology
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• Materials and fabrication methods are used in the manufacture of
different components in an aircraft  and rotorcraft:
 Airframe
 Propulsion
 Communication and sensors
 Landing
 Displays and power electronics
 Thermal management
 Gears
 Electrical
 Windshield
 Passenger cabin and crew compartment
 Cargo
 Materials technologies enable the construction of all hardware.
 No product can be built without the availability of a suitable material!
3• The design of the TVF aerial vehicle will depend on its intended function.
• 10% reduction in aircraft engine weight 1% reduction in jet fuel usage. 
(https://www.iea.org/publications/freepublications/publication/transport2009.pdf)
Availability of Materials and Fabrication Technologies Influence the 
Final Design of the Vehicle
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Vehicle Design and 
Function
Materials Selection 
Concept Flight
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Materials Technology Readiness Level (TRL)
Typically 20 yrs. (non-linear)
Aerial Vehicles Commonly Used in Relief Efforts
(courtesy Google images)
Fixed wing Tilt rotorcraft Rotorcraft
UAV Rotorcraft
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• Relief aerial vehicles consist of gas turbine and electric air and rotorcrafts
• STOL and VTOL
Transformational Vertical Flight Public Service Aerial Vehicles 
(courtesy Google Images)
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• Relief aerial vehicles will most likely consist of electric hybrid and
electric air and rotorcrafts
• Electric Vertical Take-off and Landing (eVTOL)
Search Rescue Medivac
Communication Law & Order Medical 
Concept of Operations 
(Courtesy Dr. R. Dyson, GRC)
Generally, search, rescue, medivac, and law & order 
aerial vehicles operate at low altitudes 
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Electric Vertical Takeoff and Landing (eVTOL) Power Required
(Courtesy Dr. R. Dyson, GRC)
TVF
eVTOL vehicles used in search, rescue, 
medivac, and law & order will require a 
lot of hover power.
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Structural Materials for Gas Turbine Engines 
(G. Sjöberg, Aircraft Engine Structure Materials, www.sto.nato.int (2008))
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• High temperature creep and thermo-mechanical fatigue
• Ductility and toughness
• Corrosion, erosion and oxidation resistance
• Protective coatings
• Cost
Materials for Different Propulsion Systems
Jet Fuel Gas 
Turbine Engines
Liquefied Natural/ 
Propane Gas Turbine 
Engines
Parallel Hybrid/ 
Turboelectric  
Turbine Engines
All Electric 
Motor (eVTOL)
State of Materials Development
Well 
Developed
Less 
Developed
10
• Fan blades: PMCs, Al or Ti alloys, stainless steel
• Compression blades/vanes: Al, Co, Fe, Ni and Ti alloys
• Combustor: Ni-based superalloys; Ti alloys; SiC-reinforced
ceramic matrix composites (CMCs) (planned)
• Disks: Ti alloys; Ni-based superalloys
• Turbine blades/vanes: Single crystal Ni-based superalloys,
thermal barrier coatings, TiAl, CMCs (planned)
• Nozzle: Co, Fe and Ni alloys, oxide-based CMCs (planned)
• Fabrication / manufacturing: Casting, single crystals,
forgings, weaving, CVD/CVI, additive manufacturing (new)
• Batteries: Li-polymer (<250 W-h/kg); Li-air, NaS and
newer technologies (e.g. structural batteries)
• Other energy sources: Fuel cells, supercapacitors,
flywheel storage, Stirling convertors
• Electrical conductors: Low AC loss superconductors,
conductive lightweight materials
• Magnetic materials: Hiperco, NdFe, CoSm, metallic
glass, nanocomposites
• Motors & generators: Lightweight conductive
windings
• Insulation materials
• Thermal management
• Fabrication / manufacturing: Additive manufacturing,
conventional manufacturing
Power System Weight Drivers
(Courtesy Dr. R. Dyson, GRC)
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Weight Property
Power Density for Different Battery Materials
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Parallel electric hybrid 
requires 750 W-h/kg for 
transporting ~8 people
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Energy Storage 
(Courtesy Dr. R. Dyson, GRC)
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• Energy storage is
critical for eVTOL
• Reducing weight is a
challenge
• Long discharge time
is important
Superconducting 
Magnetic Energy 
Storage (SMES)
Compressed 
Air Energy 
Storage (CAES)
Transformational Vertical Flight Public Service Aerial Vehicles 
(courtesy Google Images)
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• The capabilities of eVTOL are currently limited by the lack of availability of
suitable materials technologies.
Search Rescue Medivac
Communication Law & Order Medical 
Energy Content for Different Propulsion Systems
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Note: GGE = Gasoline Gallon Equivalent
Sources: Wikipedia; Linde
Comparison of Carbon Dioxide Emissions from Several Fossil Fuels
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Liquefied Natural Gas vs. Kerosene
LNG is at least 20%cleaner than kerosene
Carbon Dioxide Emission per kWh 
(Courtesy: https://www.volker-quaschning.de/datserv/CO2-spez/index_e.php)
LNG has been to shown to be an attractive and 
feasible replacement aviation fuel. 
(M. Yahyaoui et al., 13th International Energy Conversion Engineering 
Conference, Propulsion and Energy Forum, July 27-29, 2015, Orlando, FL)  
Electric Power Generation using a Stirling Engine Convertor
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Other concepts: Stirling Engine-Microturbine-Electric motor hybrid
• Possible to design and build a demonstrator 8 to 10 person ambulance
aerial/rescue vehicle in a short time
• Ni-based superalloys for combustor liners
• FeCrAlY, NiCrAlY or SiC foams for heat exchangers
• CoSm-based magnets for Stirling engine
• Lightweight electrical conductors
• Cryogenic LNG storage – good thermal insulation materials (e.g. foams)
• Cleaner than jet-fueled gas turbine engines
Electric Power Generation using a 
Microturbine-Solid Oxide Fuel Cell Electric Hybrid 
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SOFC Materials
• Considerable amount of research.
• References:
 J. Larminie and A. Dicks, “Fuel Cell
Systems Explained”, Wiley (2003).
 “High Temperature Solid Oxide Fuel Cells:
Fundamentals, Design and Applications”
(S. C.Singhal and K. Kendall, eds.), Elsevier
(2003)
Energy Efficiency 
Theoretical: 60-70%
Real: 50-60%
Courtesy Dr. R. Dyson, GRC
Costs and Strategic Issues 
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Gas Turbine Engines
• Cost of material: Extraction, refinement.
• Infrastructure: Transportation and fuel storage.
• Environmental costs: Extraction, refinement and
combustion; water supply and contamination.
• Health care: Extraction, refinement and
combustion.
• Strategic: Plentiful supply of natural gas.
Courtesy: US Energy Information Administration (August 15, 2016)
All Electric Engines 
• Cost of materials (Co, Li, Ni, REE etc.): Extraction,
refinement.
• Infrastructure: Transportation and fuel storage.
• Environmental costs: Extraction, refinement and
recycle, contamination.
• Health care: Extraction, refinement and recycle.
• Strategic: Conflicts, human costs.
Courtesy: http://euanmearns.com/lithium-reserves-use-future-demand-and-price/
Five-Year Jet Fuel to Natural Gas Price Ratio
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Source: US Energy Information Administration
https://www.indexmundi.com/commodities/?commodity=jet-fuel&months=60&commodity=natural-gas&indicator=price-ratio
Although jet fuel cost has been less than natural gas from Feb. 2013 to Feb. 2018. it is 
likely that jet fuel to natural gas price ratio will increase as shale gas production increase 
and crude oil prices increase in the future.
Implications for the Design of TVF Public Service Aerial Vehicles
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• The relatively low power density of current generation Li ion batteries, electrical
conductors, magnetic and thermal management materials means that eVTOL is
most likely to be used for short duration, short distance, light load applications
involving surveillance, on-site robotic medical dispensation, and possibly food
package delivery.
• The abundance of LNG combined with the fact that it is cleaner than both jet
fuel, and possibly battery materials, and has a higher power density than
current generation batteries, makes it a very attractive energy source.
• Designing TVF aerial vehicles using LNG-electric hybrid propulsion systems,
such as LNG/battery, LNG/microturbine/SOFC/electric or LNG/Stirling
convertor/electric, is expected to overcome the power density limitations of
eVTOL and the environmental challenges associated with jet fuel.
